Bone scintigraphy is requested as part of the investigation of foot pain, but its contribution to clinical management has not been comprehensively documented. Previously published data are limited; the most comprehensive series identified scintigraphic abnormalities in patients with primarily orthopaedic problems and a control group was not included (Maurice HD et al. J Bone Joint Surg 1987;69B:448-52). The aim of this study was to evaluate whether bone scintigraphy may be useful in different clinical circumstances indicated by referral request details. Regions of scintigraphic abnormality were scored and compared with clinical details drawn from case notes of 60 patients with foot pain. The commonest clinical indications for scans were: confirmation of the clinical suspicion of plantar fasciitis, documentation of the extent of inflammatory arthritis and location of focal pathology. A group of 30 asymptomatic, age-and sex-matched controls were also studied. In 14 out of 19 symptomatic feet in the plantar fasciitis group, focal uptake at the medial calcaneal tubercle was present, confirming the diagnosis. In patients with non-specific, diffuse foot pain, the bone scan identified focal abnormalities in 11 out of 14 cases, thus directing the clinician to the site of pathology. Scintigraphy also proved useful in mapping local inflammatory disease. Technetium-99m methylene diphosphonate image abnormalities occurred in the control group most commonly in the midfoot (16 regions in 13 subjects) and first metatarsophalangeal joint (19 regions in 14 subjects).
C patterns of foot pain, such as plantar heel prosthesis at any site in the body [4] ; (4) it may demonstrate lesions before they are recognizable on pain and metatarsalgia, can frequently be assessed and managed without the need for further investigations.
plain radiography and may be used as a legitimate screening test to be followed up by techniques such as However, in a proportion of atypical cases, the nature and extent of pathology may be difficult to define MRI if a particular region of pathology has been identified [5] . clinically. Plain radiographs may be helpful in identifying stress fractures or established articular cartilage A number of complex biomechanical and inflammatory problems may occur in the foot. The aim of loss, but where clinical assessment is equivocal, radiographs are frequently unhelpful. Further imaging this study was to evaluate the potential of bone scintigraphy to contribute to the assessment of these proboptions include magnetic resonance imaging (MRI ), computed tomography (CT ), high-resolution real-time lems, especially when the clinical picture is atypical. A secondary aim was to document the frequency ultrasonography and scintigraphy. Both MRI and ultrasonography have the advantage of avoiding ionizof abnormalities seen in technetium-99m methylene diphosphonate ( Tc-99m-MDP) images from a control ing radiation, and are particularly useful for the identification of soft-tissue lesions. For instance, thickening population in an attempt to assess the validity of scintigraphic abnormalities in the context of clinical of the plantar fascia has been described in patients with a clinical diagnosis of plantar fasciitis [1, 2] . The symptoms. weakness of ultrasonography is that it is essentially an anatomical technique which provides little or no MATERIALS AND METHODS information on physiological change. MRI can give Patients useful information on changes in water content within Data were collected from patients, seen by members both bone and soft tissue, thus identifying areas of of the rheumatology and orthopaedic teams at the inflammation. There are a number of notable specific Middlesex Hospital, who had had foot symptoms and areas in which scintigraphy could be considered advanhad been referred for bone scintigraphy as part of their tageous: (1) it may identify conditions which are clinical assessment. Of the 70 patients who fell into associated with an increase in bone turnover and this category between March 1993 and September provide an index of the intensity of physiological 1996, the notes and scans were available for 63; the change [3] ; (2) it may identify pathology in multiple scintigraphic images were felt to be of sufficient quality sites, including those distant to the presenting sympin 60. The recorded clinical details for these 60 patients toms; (3) it can help confirm or exclude specific were reviewed by one investigator ( EO). When appropathological processes, such as infection, reflex sympriate, the patients were grouped according to the pathetic dystrophy or loosening of an orthopaedic dominant site of their pain (fore-, mid-or hindfoot); patients with diffuse pain were subdivided into those with pain in multiple sites and those with 'true diffuse' a particular site or area (focal and diffuse, respectively) midfoot pain, 10 with forefoot pain and 20 with diffuse foot pain. and scintigraphic abnormalities were recorded as regions.
Hindfoot pain
Of the 28 patients (eight men, 20 women) with Controls A representative group of age-and sex-matched hindfoot pain, 18 had pain in one foot and 10 had bilateral symptoms. controls was drawn from consecutive patients referred for a bone scan for other non-pedal conditions such These patients could be divided broadly into five main categories. Firstly, there were those who were as possible bony metastases. These patients were asked direct questions by medical staff in the nuclear medicine thought to have plantar fasciitis, but had failed to respond to local glucocorticoid injection (three department to exclude those with an inflammatory arthritis, foot pain or a history of trauma or surgery patients), and secondly those whose symptoms were atypical for plantar fasciitis, but where no alternative to the feet. diagnosis had been made (nine patients) ( Table I ). In these two groups, image abnormalities (see Table I for Method All patients had been scanned 3-4 h after i.v. injecgrades) consistent with a diagnosis of plantar fasciitis (focal increased tracer uptake at the position of the tion of 600 MBq of Tc-99m-MDP using a large field of view gamma camera with a high-resolution lowmedial calcaneal tubercle) were identified in 14 out of 19 symptomatic feet. Seven patients went on to have energy collimator. Planar views of the feet had been acquired over 5 min in the dorsal, plantar, R lat/L a local steroid injection after the scan, with symptom resolution occurring in two; follow-up was not availmed foot and L lat/R med foot positions in all cases.
Each scan image was examined by two independent able for one patient and two patients were referred to the London Foot Hospital for further assessment. observers (JB and GC ). A grading score was defined for each abnormal area: grade I = target to backOf the remaining 16 patients with hindfoot pain, the clinical diagnosis was thought to be plantar fasciitis in ground ratio of between 1 and 2; grade II = ratio > 2. The background was taken as an area over the distal three patients, but the scan was requested to assess the extent of disease ( Fig. 2) . Four patients had an third of the ipsilateral tibia. The observer's scores were reviewed by a third observer ( EO), who compared 
The 60 patients (25 men, 35 women) for whom bone scan images were analysed and clinical details were 1 3 5 F + + + + I II reviewed had a median age of 51 yr (range 13-87 yr). Six patients had widespread inflammatory symptoms and, in all these patients, focal regions of increased tracer uptake were identified in the symptomatic forefeet ( Table III ) ; scintigraphy clearly showed the pattern of joint involvement in those patients with an inflammatory polyarthropathy. In one patient, the documented differential diagnosis at referral was between RSD and inflammatory arthritis. The bone scan in this case did not highlight any focal abnormality in the forefoot, but showed diffusely reduced vascularity compatible with the diagnosis of RSD.
Observer 1 identified 18 (nine grade I, nine grade II ) abnormal regions on scintigraphy in the symptomatic areas. Observer 2 identified 17 of these, as well as one additional region (grade I ).
Diffuse foot pain
Of the 20 patients (12 men, eight women) assigned to the group with diffuse pain, 13 had pain in one foot and seven had bilateral symptoms. The patients were divided into two groups based on symptom characteristics: (a) true diffuse foot pain (n = 14); (b) pain in F. 2.Patient with seronegative arthritis. Increased tracer uptake multiple sites (n = 6).
is observed in the MTP joints and the scan appearance is typical of Of the 14 patients with true diffuse pain, 11 had a plantar fasciitis.
focal scintigraphic abnormality which was thought to be significant and associated with their pain. The commonest specific indication for referral in this group inflammatory element to their symptoms, but the origin of the pain was not clear. Focal regions of increased was to identify any sites of inflammation (four patients) ( Table II ) . In one patient infection was suspected, and tracer uptake were present in three of these four patients; the image in the remaining patient showed after a positive three-phase bone scan this patient was found to have a Brodie's abscess at surgery. Among abnormal vascularity.
The diagnoses in the remaining nine of the the other indications for bone scans in this group of patients was the clarification of the cause of either 28 patients were: a mixture of non-inflammatory/ 'mechanical' pain (seven patients), possible posterior mechanical pain determined clinically or undiagnosed pain occurring following trauma or surgery. tibialis tendonitis (one patient) and pain thought to be related to an underlying metabolic cause (one patient).
The images of three patients with diffuse pain were either normal (two patients) or showed grade I It was of interest that in the group diagnosed as having mechanical pain, all images showed focal increased tracer uptake in the first metatarsophalangeal (MTP) joints, which was not thought to be significant. increased uptake in regions corresponding to the sites of the patients' symptoms, except one which was Among the six patients with symptoms in multiple sites, one was referred for the exclusion of infection, normal and one in which a single image showed scintigraphic features of confirmed reflex sympathetic three were known to have an inflammatory arthritis and in the other two the latter diagnosis was suspected. dystrophy (RSD).
Out of 38 symptomatic areas in the 28 patients with Focal scintigraphic abnormalities corresponding to the sites of pain were found in all cases. hindfoot pain, observer 1 identified 30 corresponding abnormal regions on scintigraphy. Twenty-seven of Of the 70 focal abnormalities (38 grade I, 32 grade II ) in the symptomatic feet identified by obserthese lesions were also noted as positive by observer 2, who also identified two additional regions of grade I ver 1, 65 were noted by observer 2. Observer 2 identified only one additional site. intensity.
Overall bone scan images were interpreted as abnormal in at least one asymptomatic area of the foot in
Midfoot pain
Two male patients had unilateral midfoot pain, 40 of the 60 patients. Six of these patients had an inflammatory arthritis. The abnormalities were in the against the background of other non-inflammatory symptoms ( Table II ) : one of the scintigraphic abnorforefoot (n = 16), the first MTP joints (n = 15) and the midfoot (n = 15). malities was of grade I intensity, the other grade II. Observer scores agreed in these two patients.
Controls
Regions of increased tracer uptake were found in 24 Forefoot pain
Of the 10 patients (three men, seven women) who of the 30 subjects, and these abnormalities occurred across the age range studied. The most frequent abnorhad forefoot pain, seven had pain in one foot and three patients had bilateral symptoms. malities were at the first MTP joint (14 subjects, 19 regions; 15 grade I, four grade II ), the midfoot (13 considering the use of bone scintigraphy. Firstly, there seems to be a group of patients with pain atypical for subjects, 16 regions; 14 grade I, two grade II ), as shown in Fig. 3 , and the plantar surface of the calcaplantar fasciitis, but in whom alternative diagnoses also seem unlikely; in our series, this was one of the neum (six subjects; all grade I ). The appearance of the calcaneal tracer uptake was different from the focal major indications for a bone scan. In this group, focal increased tracer uptake at the medial calcaneal tubercle abnormality seen in the patients with hindfoot pain with a diagnosis consistent with plantar fasciitis was frequently, but not universally, present (14 out of 19 symptomatic feet). Patients with a clinical picture ( Fig. 4) . In only one subject was there focal uptake at the medial calcaneal tubercle (grade I intensity).
consistent with plantar fasciitis have a similar scintigraphic appearance [6, 7] . These scintigraphic findings DISCUSSION can be easily differentiated from more diffuse uptake seen on the inferior surface of the calcaneum of the The results obtained in these 60 patients with foot pain highlight particular areas of importance when control population. This observation supports previous in patients with true diffuse foot pain, a high proportion of the scans identified specific regions of increased focal bone activity, thus directing the clinician towards the site of the pathology. Further management could then be tailored according to clinical suspicion or the need for further imaging. The localization of pathology in one patient (patient 41), in whom the bone scan showed an area of increased tracer uptake in the dome of the talus, led to the subsequent diagnosis of a haemangioma on MRI (plain radiography prior to scintigraphy had shown a flattened talar dome). It is also important to consider the interpretation of a normal scan in the presence of foot symptoms. In our series, the symptoms in these cases were usually self-limiting and significant pathology did not develop; this observation has also been noted in previous studies [9] .
The most common clinical indication for bone scintigraphy in the patients with diffuse and forefoot pain was to identify the presence and extent of inflammatory arthritis (15 patients); in 13 of these cases, the bone scan localized specific regions of pathology within the by the pattern of joint involvement seen on scintigraphy. There is some evidence to suggest that, in early rheumatoid arthritis, scintigraphic abnormalities are associated with the development of bony erosions: further long-term follow-up data would determine the comparative value of scintigraphy and plain radiography of the hands and feet in the assessment of early rheumatoid arthritis. It has also been postulated that scintigraphy may be more sensitive (but perhaps less specific) than clinical assessment in identifying active disease in the feet, and thus it may be helpful in mapping focal disease and guiding local treatment, notably glucocorticoid injection [10] .
Although, in the majority of cases, scintigraphy may be aimed at identifying the site of pathology, this study also highlights its specificity in certain disease processes: examples of focal infection and RSD have been documented. Scintigraphic findings in the presence of clinical features of RSD can help confirm the diagnosis [11] .
In our series, only two patients with midfoot pain were referred for bone scans and, consequently, this study was unable to determine the value of scintigraphy in patients with midfoot pain. The high false-positive F. 4.Control subject. Increased tracer uptake is seen in the rate in the control group would need to be considered midfoot and there is diffuse tracer uptake on the inferior calcaneal when interpreting scintigraphy of this region. It is surface.
possible that in unusual circumstances scintigraphy may be helpful in identifying a specific unexpected pathology in the midfoot, such as infection or avascular data indicating that plantar fasciitis can present in a number of different ways clinically, but even in atypical necrosis.
It was felt essential to study a group of asymptomatic cases, remains the most common pathology found [7, 8] . In two patients who had persistent symptoms patients in order to identify false-positive areas of increased uptake. It seemed likely that such abnormaldespite local steroid treatment, these specific scintigraphic findings confirmed the diagnosis of plantar ities are indeed common, especially in the midfoot and the first MTP joint, and thus their presence in the fasciitis and supported their referral for local radiotherapy following a poor response to local glucosetting of the symptomatic patient must be interpreted with caution. Our control population may not be corticoid injection.
A second clinically important observation was that entirely representative of the normal population, as
